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We present a model for gamma-ray bursts where a dissipative photosphere provides the usual 
spectral peak around MeV energies accompanied by a subdominant thermal component. We treat 
the initial acceleration of the jet in a general way, allowing for magnetic field- and baryon domi¬ 
nated outflows. In this model, the GeV emission associated with GRBs observed by Fermi LAT, 
arises as the interaction of photospheric radiation and the shocked electrons at the deceleration 
radius. Through recently discovered correlations between the thermal and nonthermal peaks within 
individual bursts, we are able to infer whether the jet was Poynting flux or baryon dominated. 


I. INTRODUCTION 

Gamma-ray bursts (GRBs) are one of the most ex¬ 
treme phenomena in the universe. They involve rela¬ 
tivistic, jetted emission emanating either from a com¬ 
pact binary merger or form the core collapse of a mas¬ 
sive star. The prompt MeV range emission component 
is usually followed by a longer lasting afterglow at 
lower energies but sometimes also in the GeV range. 

The afterglow can be modeled bv shocks propagat¬ 
ing in the circumstellar material |Ti. 8 f. It is possible 
to derive physical parameters of the late outflow and 
its surroundings (e.g. 0 )- 

The properties, such as the composition of the rela¬ 
tivistic outflow, however, are difficult find. Dissipative 
photosphere models 0 |J are among the best suited 
to describe the observed properties of GRB prompt 
emission. In these scenarios, energy is dissipated be¬ 
low the photosphere through some mechanism and re¬ 
leased as the optical depth decreases below unity to 
produce the prompt MeV range radiation. 

In Section 2, we will present the theoretical model 
for a particular dissipative photosphere scenario. In 
Section 3 we will apply this model to the observations 
of correlations between thermal and non-thermal com¬ 
ponents in bright bursts. Finally we present our con¬ 
clusions regarding the inferences we can make for the 
GRB jet composition. 


II. MODEL 

We model the Lorentz factor of the initial outflow as 
T oc RV. If the energy density of the outflow is domi¬ 
nated by baryons, one expects p ~ 1 0. In case the 
magnetic fields dominate the energy budget, one can 
have an increase as slow as p = 1/3. We introduced 
the model in jiol ] , then generalized for arbitrary values 
of p in (9j. The acceleration stops at the saturation 
radius and the Lorentz factor becomes constant, then 
decelerates. The start of deceleration is roughly the 


start of the afterglow phase (see Figure [TJ). 

The main point of such a generalized approach is 
that the jet can become optically thin while it is still 
accelerating. This will happen for p close to 1/3. 
The p < 1 cases involve photospheres occurring in 
the coasting phase. 

The photospheric radius, where the outflow be¬ 
comes optically thin will be at: 


r p h _ ( Tot / 1 

r 0 V 87 r? 7 T p c 3 ro ) ??r 2 h 

which can be expressed more conveniently by: 


(1) 


r ph _ i/n / (?7t/^) 1/(1+2m) if 77 > 77t 

ro T 1 Ivt/v) 3 if 77 < ?7t 


( 2 ) 


Here tq is the jet launching radius, L denotes lumi¬ 
nosity, rj is the coasting Lorentz factor and T p h is the 
Lorentz factor at the photosphere, rjp is a critical 
Lorentz factor, which discriminates between the ’’pho¬ 
tosphere in the accelerating phase” and ’’photosphere 
in the coasting phase” cases and can be calculated 
by equating the saturation radius to the radius of the 
photosphere: 


_ / Lap \ 1+3,J ^ ( 120 L\^r 0 y 6 if p = 1/3 
VT ~ \ 87TTO p c 3 ro / ~ | 1300 L% A r~\ ,A if p = 1 

( 3 ) 

The main MeV peak will develop close to the pho¬ 
tosphere. We model it as synchrotron radiation from 
weakly relativistic shocks (involving Lorentz factors 
T r > 1). A sub-dominant thermal component will 
accompany the synchrotron peak with characteristic 
temperature in the range of 1 keV-100 keV in accor¬ 
dance with observations. 

The synchrotron peak will have the following de¬ 
pendence on the intrinsic physical parameters: 


Apeak OC 


L 4 "+ 2 r) v + 2 r 0 4 ' i+2 T 3 if 77 > r/ T ( 4 j 

T -1 / 2 rf T 3 if 77 < t] T , 
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FIG. 1: Illustration of the Lorentz factor evolution with radius for two extremal g values. Note that the photosphere 
occurs in the acceleration phase for g = 1/3 and in the coasting phase for g = 1. 


while the thermal component will have the following 
dependence: 


f obs OC 


14m —5 2 — 2 m > M — 

Ltmt+Tj jySM+3 r Q 6(2 ' I + 1) if rj > r) T 

L -5 / 12 ?y 8 / 3 ?y/ 6 if r] < rjT- 


The above scenario is able to fit bright LAT detected 
bursts Q, but cannot discriminate between the mag¬ 
netic and baryonic cases. 


III. APPLICATION OF THE MODEL TO 
OBSERVATIONS 
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@ developed a model that includes a synchrotron 
and a thermal component. This model can success¬ 
fully fit the spectra of GRBs. By fitting this model 
to bright GRBs, Q found a correlation between the 
peak energy of the synchrotron and the peak of the 
thermal component, E pea k oc T“. Every burst in the 
sample has characteristic a index (see Figure [2] and 
Table |J). 

Using the model described in the previous section, 
we can link the theoretically derived peak energy with 
the temperature of the thermal component (Equations 
H]and[5]). We can carry out this exercise either through 
the luminosity (L) or the coasting Lorentz factor^) 


FIG. 2: The correlation between the synchrotron peak en¬ 
ergy and the thermal peak for six bursts with time-resolved 
spectra (Figure from Bl¬ 
and get similar expressions. For the ’’photosphere in 
the acceleration phase” we have: 

6(3m-1) 

Epeak OC T , (6) 

while if the ” photosphere is in the coasting phase”, we 
have: 

-Upeak OC T 1 ' 2 . (7) 
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TABLE I: Results for determining jet composition 


GRB Name 

a 

Jet Type 


GRB 081224A 

1.01 ±0.14 

baryonic 

- 

GRB 090719A 

2.33 ±0.27 

magnetic 

0.39±0.01 

GRB 100707A 

1.77 ±0.07 

magnetic 

0.42±0.01 

GRB 110721A 

1.24 ±0.11 

baryonic 

- 

GRB 110920A 

1.97 ±0.11 

magnetic 

0.4±0.01 

GRB 130427A 

1.02 ±0.05 

baryonic 

- 


Now, it is a simple task to identify the observed a 
indices with the indices in the above equations. 

We compile the results in table Q] for our sample of 
six bursts. For bursts with higher values of a we de¬ 
rive a p, which points towards a magnetic origin in 
the cases of GRBs 090719A, 100707A and 110920A 
respectively. In the remaining cases, the a index does 
not depend on p. Nonetheless, the values of a for 
GRBs 081224A, 110721A and 130427A are very close 
to the theoretically derived 1.2. This points to the 
” photosphere in coasting phase” scenario, which in 
turn is easiest to realize in the baryon dominated 
case (because for reasonable parameters the critical 
Lorentz factor is t)t > 1000). 

IV. CONCLUSION 

We presented a model where the initial accelera¬ 
tion of the gamma-ray burst outflow is written as a 


function of a parameter (p). This parameter charac¬ 
terizes the composition of the outflow. By deriving 
a relation between the synchrotron peak energy and 
the temperature of the thermal component from the 
model, we were able to explain the observed relation 
between the two quantities and infer the composition 
of the gamma-ray burst outflow. 

Half of the sample appears magnetically dominated 
while the other baryon dominated. Thus, there are 
no obvious trends among bright bursts regarding their 
composition. 
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